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Abstract
Aims. Associations between a 45 bp 3 ¢untranslated insertion polymorphism in the uncoupling protein 2 (UCP2) gene and both body mass index (BMI) and sleeping metabolic rate have previously been reported. We investigated the impact of this polymorphism on BMI and long-term body weight changes. Methods. The allelic frequency of the UCP2 insertion variant was determined in a cohort of 744 obese Danish Caucasian men who had a BMI of at least 31 kg/ m 2 at the draft-board examinations and a randomly selected control cohort consisting of 872 draftees. Follow-up measurements of BMI were done on average 26 years after the draft-board examinations.
Results. The prevalence of the insertion allele was 30.4 % (95 % confidence interval: 28.0±32.8 %) among the obese and 29.6 % (27.4±31.8 %) in the control group (p = 0.6). In a lean group selected as the 354 subjects with a BMI less than 25 kg/m 2 at 46 years of age from the control group, the frequency of insertion allele was 29.0 % (27.2±30.8 %) (p = 0.5 compared with the obese cohort). The BMI at the ages of 20 and 46 years did not differ between genotypes either in the obese or the control group. Similarly, the changes in BMI/year between examinations at 20 and 46 years of age did not differ between genotypes in either group. Conclusion/interpretation. In a large group of Danish Caucasian men we found no association between a 3 ¢untranslated insertion polymorphism in the UCP2 gene and obesity. Neither did we identify a relation between this variant and BMI changes during adult age. [Diabetologia (1999) 42: 1413±1416] Keywords Uncoupling protein 2, UCP2, obesity, body mass index, polymorphism, genetics, insertion, deletion.
A prevalent 45 bp insertion polymorphism is present in the 3 ¢untranslated region (3 ¢UTR) of the UCP2 gene 158 bp downstream of the stop codon [7, 9] . The heterozygotic insertion-deletion genotype (ID) was found to be associated with increased sleeping metabolic rate and 24-h energy expenditure and with lower BMI in Pima Indians [9] . Furthermore, a South Indian population shows association between increased BMI and the homozygotic insertion genotype (II) [10] . In contrast, a study in French subjects found no association between morbid obesity and this polymorphism [7] .
The objective of our study was to investigate whether the 3 ¢UTR insertion-deletion polymorphism was associated with juvenile-onset obesity in Danish Caucasian men and furthermore to examine the impact of this variant on changes in BMI over time in two large samples of military draftees. One sample comprised 791 obese Danish Caucasian men who had a BMI of at least 31 kg/m 2 , and the other 915 randomly chosen male control subjects who had a BMI less than 31 kg/m 2 at the draft board examination.
Subjects and methods
Subjects. The association study was carried out in two study groups selected from young Danish Caucasian men, who at the age of 19 or 20 years (inter-quartile range: 19±20 years) were examined at the draft board, where height and weight were measured. The 791 subjects with a BMI of at least 31 kg/ m 2 were selected to comprise the obese group. As a random control group, 915 subjects were selected at random as every two hundredth from the same population. As part of the Copenhagen City Heart Study Programme the study groups were re-examined in 1992±1994 when the subjects were on average 46 years old (between 34 and 75 years of age) [11] . The mean time interval between examinations was 26 years (range 15±50 years). Genomic DNA was obtained from blood samples drawn at the second examination. For statistical analysis a lean control group (n = 354) was constructed comprising only the control subjects with a BMI less than 25.0 kg/m 2 at the second examination. The BMI at the mean age of 20 and 46 years and the average body weight increase per year between examinations are listed in Table 1 . Informed consent was obtained from all subjects before participation. The study was approved by the ethics committee of Copenhagen and was in accordance with the principles of the Declaration of Helsinki II.
Methods. Genotyping of the ins/del polymorphism was done with PCR using the following primers: 5 ¢-CAGTGAGGGAA GTGGAGG-3 ¢ and 5 ¢-GGGGCAGGACGAAGATTC-3 ¢. The primers amplify a product of 457 bp (insertion allele) or 412 bp (deletion allele) [9] . Polymerase chain reaction amplification was carried out in a volume of 25 ml containing 100 ng genomic DNA, 1´PCR-buffer, 0.2 mmol/l of each primer, 0.2 mmol/l dNTP, 2.0 mmol/l MgCl 2 and 0.313 unit Amplitaqpolymerase (Perkin Elmer, Foster City, Calif., USA). The cycling programme was an initial denaturation at 94°C for 3 min followed by 35 cycles of denaturation at 94°C for 30 s, annealing at 65°C for 30 s, and elongation at 72°C for 30 s with a final elongation step at 72°C for 5 min using a GeneAmp 9600 thermal cycler (Perkin Elmer). The PCR-products were resolved on a 3 % agarose gel.
Statistical analysis. Data analysis was restricted to 744 of 791 obese subjects and 872 of 915 of the control subjects due to lack of either DNA or PCR-product. Chi-squared analysis was done to test for differences in allele frequencies between groups. A Students t test or a general linear model with age as covariant and the genotype as fixed factor was used when continuous variables were normally distributed. Otherwise the Mann-Whitney rank sum test was applied. Data are given as mean (SD) or median (inter-quartile range). A p value less than 0.05 was considered significant. All analyses were done using Statistical Package for Social Science (SPSS) for Windows version 9. 
Results
The allelic frequency of the insertion allele of the 3 ¢UTR polymorphism in the UCP2 gene was 30.4 % (95 % confidence interval: 28.0±32.8 %) among the obese subjects and 29.6 % (27.4±31.8 %) among the randomly selected control subjects ( Table 2 ). The frequency of the insertion allele in a lean control group was 29.0 % (27.2±30.8 %). There was no difference in allele frequencies of the insertion allele between the obese and the control group (c 2 = 0.28, p = 0.6), or between the obese cohort and the lean control group (c 2 = 0.5, p = 0.5) ( Table 2 ). The genotypes observed were in Hardy-Weinberg equilibrium. No differences in genotype frequencies were observed among the obese and lean groups. The BMI at the mean age of 20 and 46 years were similar in the subjects carrying the insertion-insertion (II) genotype, the insertion-deletion (ID) genotype and the deletion-deletion (DD) genotype within the obese, random control and lean control group (Table 1) . There was no difference between genotypes when considering increase in BMI/year between examinations (Table 1). It is possible that the effect of the insertion polymorphism could be age-dependent. When examining the random control group for the influence of the 3 ¢UTR polymorphism on the BMI at the second examination with age as covariate, there was, however, no effect of the polymorphism (p = 0.6).
Discussion
We have examined whether a 3 ¢UTR insertion polymorphism in the UCP2 gene is associated with obesity or body weight changes in a large cohort of Danish Caucasian men. The prevalence of the insertion variant was equal between the obese group and the control group. In both groups there were no differences in indices of body fatness indirectly estimated as BMI between subjects carrying II, ID and DD genotypes. Increase in BMI/year showed no difference between carriers of different genotypes either in the obese or in the control cohort. Several reasons can be suggested to explain the discrepancies between various reports elucidating the potential role of the 3'UTR insertion. The power of our study to detect an increase of BMI of 11 % between insertion homozygotes (II) and wild type (DD) subjects as observed in Pima Indians above the age of 45 years [9] is above 99 % in the total sample as well as in sub-groups. It is therefore unlikely that an association of obesity with this variant exists in the Danish Caucasian population. The South Indian study [10] included mainly women and our study consisted exclusively of men because in Denmark draft board examination is mandatory only for men. Therefore, a sex difference cannot be excluded. Furthermore, there might be differences in the impact of this polymorphism in various ethnic populations because of different genetic background between Pima Indians, South Indians and European Caucasians. This interpretation is supported by the findings of no association between the presence of the 3 ¢UTR insertion allele and obesity in French Caucasians of both sexes [7] .
Our primary hypothesis was that the 3 ¢UTR insertion had an effect on early-onset obesity. We have also tested the alternative hypothesis that the impact of the polymorphism is age-related and associated with late-onset obesity. We found, however, no evidence to support either hypotheses. Previously, an association has been reported [9] between the insertion-deletion heterozygote and increased estimates of sleeping metabolic rate, a variable which was not available for this study. Thus, we cannot exclude an impact of the 3 ¢UTR variant on this variable in our study. In contrast, we have had the opportunity to study the effect of the insertion-deletion variant on body weight gain. The BMI was measured in all subjects at the age of approximately 20 years and 46 years. The variant was, however, not associated with changes in BMI during a 26 year follow-up in any of the study groups. Therefore, it is concluded that the 3 ¢untranslated insertion variant of the UCP2 gene does not have any major impact on the development of obesity in Danish Caucasian men. I ' denotes the insertion allele,`D' denotes the deletion allele. Data are given as numbers and percentages. For the frequency of the insertion allele (I) the 95 % confidence intervals are also listed
